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above the level of the Black sea, or nearly 3,000 feet beyond
the highest level of Mt. Blanc. As an elevation Mt. Elburz
is a much more striking object of the landscape than the
Swiss mountain, for the reason that it rises directly out of
the low-lying steppes, the level of which is only a few
hundred feet above sea-level, so that it slopes from peak to
foot nearly down to the datum plane, while the base of Mt.
Blanc is several thousand feet above the sea. Kasbec
(16,546 feet), Dikhtau (16,925 feet), Koshtantau (17,096 feet),
and Ihkara (17,278 feet) are names of other high peaks in
the more central parts of the Caucasus.
Mt. Blanc is visible about 100 miles. Mt. Elburz is said
to be visible 200 miles distant. That is to say: If Elburz
were located at Kansas City we could from the State House
steps on clear days catch glimpses of its snow-crowned
top. The photographs were taken on one of the excur
sions of the International geological congress, and the
larger one is probably the best ever obtained of the
mountain.
A COMPARISON OF MEDIA FOR THE QUANTITA
TIVE ESTIMATION OF BACTERIA IN MILK.
BY C. H. ECKLES.
During the past three years the writer has made quanti
tative estimates of the bacteria in a large number of milk
samples. During this work certain facts developed which
have very important relations to the accuracy of such esti
mates.
It was early observed that ordinary peptone agar is
entirely unsuited for the purpose as a very small number
develop as compared with the same medium to which 2
per cent. of lactose has been added, or with gelatine. It was
also observed that when students were given peptone agar
to use in isolating milk bacteria, that they very rarely, if
ever, found the acid organism, although it often consti
tuted a majority of the entire number present in the milk.
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These observations led to the constant use of lactose media
when it was desired to make a quantitative estimate or to
isolate the acid organism.
A more recent study of the work done by various inves
tigators led to the conclusion that much of the counting of
bacteria which has been done is of little value on account
of the kind of media used, and the lack of knowledge
regarding the relation it bears to the number of organisms
developed. It is also evident that mistakes, due to the
same cause, have been made in regard to the kind of
bacteria most common in milk. The most common mis
take has been a failure to recognize that the bacterial flora
of milk is composed, as largely as it is, of acid- producing
bacteria, mostly of a single species. In order to get a
definite result a short series of experiments was recently
undertaken with the following objects in view:
First—a. To find how the number of milk bacteria
developing on peptone agar compared with number grow
ing on the same media with 2 per cent lactose added. b.
Same comparison between ordinary peptone gelatin and 2
per cent lactose gelatin, c. Same comparison between
peptone and lactose gelatin and peptone and lactose agar.
Second. —What effect does the kind of media have on the
relative proportion developing, of those causing acid coag
ulation; those having no effect on milk; and those coag
ulating by action of an enzyme?
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The table which follows shows the data accumulated:
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Milk.
6.960 169,040
6,960 Lactose Agar 494. 160
6, 720 Peptone Agar U7,68o None None 89,370 70 38, 304 3o
Milk. 6,720 Lactose Agar 329,280 118,54c 36 164,64c 50 46,000 14
6,720 Peptone Gelatin. .. 255,300 17,875 7 153,216 60 85, 120 33
i,583 Peptone Agar 136.138 12,252 9 103,463 72 20,420 IS
Milk. 1,583 Lactose Agar 1,600,413 928, 239 58 576, 148 36 96, 024 6
1,583 Peptone Gelatin... 1,302,809 547.179 42 547,179 42 208,459 16
3,565 Peptone Agar 563,27' None None 490,045 87 73,225 13
Milk. 3,565 Lactose Agar 1,711,200 427,800 25 1, 163,600 68 119.784 7
3, 565 Peptone Gelatin. .. 1,158,625 173,793 15 822,623 7i 162,207 14
30,000 Peptone Agar 1 .260,000 138,600 11 . 970, 20; 77 151.200 12
Buttermilk.
30,000 26, 180,000 8,115,810 3i 16,493,000 63 1,570,000 6
30,000 Peptone Gelatin.. 12,320,000 2,587,000 21 8,254,000 67 1,478, 000 12
30,00c Lactose Gelatin. .. 19,320,000 8,887,200 46 8
, 887,200 46 1.540,000 T
Whey from
Edam cheese
1 ,960 Lactose Agar 19,350,000 230,500 43 8
, 230, 500 43 2, 709,000 14
10,960 Peptone Gelatin.. 5,224,000 574,660 11 3, 656,000 70 992,500 19
10.960 Lactose Gelatin. .. 13,330.000 2,932,600 22 9,597,600 72 799,800 6
26,500 Lactose Agar 28,487, 500 21,365,625 75 1,709,250 19 5,412,600 6
Sour milk. 26, S< 0 Peptone Gelatin.. 18,671,000 1,867,100 10 i,475,6oo 80 1,867, I0C 10
26,500 Lactose Gelatin. .. 36,550,000 29,240,000 80 4, 386,000 12 2, 924,000 8
3,900 Lactose Agar 9,087,000 4, 180,000 46 4, 180,000 46 726,960 8
Milk. 3.900 Peptone Gelatin.. 1
, 930, 500 250,960 13 1,274.130 66 396,400 21
1.900 Lactose Gelatin. .. 9. 360,000 5.616.000 60 2.527.000 27 1. 216,000 13
The peptone gelatin was made up according to common
methods, using 10 per cent, gelatine, and making it neutral
to phenolphtalien with sodium hydroxide. The peptone
agar contained 1.7 per cent, agar, neutralized in the same
manner. The lactose media had 2 per cent lactose added
after filtering.
It is to be remarked, that the quantitative estimates of the
number of bacteria are estimates and not exact determina
tions, the nearest we can approach to accuracy by present
methods. Anyone familiar with such work is aware that
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such estimates are only valuable when carried out in large
numbers, and that a misleading conclusion may be easily
reached from a few isolated experiments. The data pre
sented is conclusive enough that a few general deductions
may safely be made.
In separating the colonies on a particular Petri dish into
the general classes given, which is based on their relation
to milk, a portion of the dish was divided off which con
tained about the number of colonies desired, usually from
40 to 50. Then every colony which could be found by
using a hand lense was taken with a platinum needle and
put into a tube of sterile milk. After about three days in
the incubator at 35 : C the milk cultures were examined.
Those which showed a solid acid coagulation, with or
without gas, with no dissolving of the curd, were put into
the acid class. Those which did not coagulate the milk
within that time were classified as producing no effect.
It is probable a few of these would show coagulation later,
but it would not be of the acid class, and probably all
cause more or less complicated chemical changes in the
milk without changing the appearance.
Those which coagulated milk without producing acid, or
caused the curd to show signs of dissolving after coagula
tion were classed as enzyme producing. A consideration
of the data as bearing upon the points under investigation
as stated, shows that regarding the first point, the evidence
is very conclusive. In no case does the number develop
ing upon the peptone agar approach the number appear
ing upon the lactose agar. The greatest difference being
found in the buttermilk where the lactose agar shows over
twenty times as many as the peptone agar.
The comparison between the peptone and lactose gela
tin, although less extreme, is sufficient to show conclu
sively that the former does not show near as high a devel
opment as the latter. As between peptone agar and pep
tone gelatin the results indicate that the latter will show
a considerably greater number of colonies than the former.
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The comparisons between lactose agar and lactose gelatin
are not sufficient in number to show that either has the ad
vantage in the number of the colonies developed.
The results would indicate that other factors than the
media used controls in these comparisons. The acid
organisms develop about equally well in the two, but as
the bacteria constituting the remainder of the flora vary in
species, it is probable that some samples of milk contained
those developing best at the lower temperature of gelatin,
while others find the higher temperature of the agar most
favorable.
Harding* uses lactose agar kept at a temperature of 30 3
C, in his quantitative work and finds that it gives a higher
number than gelatin at room temperature. In regard to
the relation of media to the kind of bacteria developed
and the kind repressed, one fact stands out clearly. In
media without lactose the acid organisms develop very
slowly, especially upon agar. In two cases this media
showed no acid germs present, while the lactose agar
showed that they constituted 36 per cent and 20 per cent of
the whole number.
Peptone gelatin shows some acid organisms but com
parative few of the number are present. The proportion of
acid bacteria developing upon lactose agar and lactose
gelatin is much the same. The data shows that all three
classes grow in less numbers upon peptone agar than
upon other media. The enzyme producing seem to develop
rather better as a rule on gelatin than on agar. Those
having no effect appear to find the lactose agar the most
suitable medium for growth.
It is evident that erroneous conclusions may be drawn,
as some investigators have done, from using peptone media
for work with milk bacteria, either regarding the number
present, or the species represented.
*Bul. 172, New York Exp. Station.
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